Abstract Cancer patients and their caregivers are increasingly using social media as a platform to share cancer experiences, connect with support, and exchange cancer-related information. Yet, little is known about the nature and scientific accuracy of cancer-related information exchanged on social media. We conducted a content analysis of 12 months of data from 18 publically available Facebook Pages hosted by parents of children with acute lymphoblastic leukemia (N = 15,852 posts) and extracted all exchanges of medicallyoriented cancer information. We systematically coded for themes in the nature of cancer-related information exchanged on personal Facebook Pages and two oncology experts independently evaluated the scientific accuracy of each post. Of the 15,852 total posts, 171 posts contained medically-oriented cancer information. The most frequent type of cancer information exchanged was information related to treatment protocols and health services use (35%) followed by information related to side effects and late effects (26%), medication (16%), medical caregiving strategies (13%), alternative and complementary therapies (8%), and other (2%). Overall, 67% of all cancer information exchanged was deemed medically/scientifically accurate, 19% was not medically/ scientifically accurate, and 14% described unproven treatment modalities. These findings highlight the potential utility of social media as a cancer-related resource, but also indicate that providers should focus on recommending reliable, evidencebased sources to patients and caregivers.
Patients and their caregivers are increasingly using social media as a way to share their illness experiences [2, 3, [7] [8] [9] [10] [11] [12] [13] and engage in health-related discussion [14] [15] [16] . As such, social media is becoming a prominent source of cancer-related information and communication. People use social media platforms to Bcrowd source^information, relying on social arbitration among hundreds or thousands of connected social media users to access information, make decisions, cope with hardship, and solve problems [17] . Social media sites also democratize information dissemination through enabling patients and caregivers to connect directly with each other and share information that is not mediated or filtered by health care professionals or experts [18] .
Health professionals express mixed reactions to the increase in health communication on social media. While previous research documents that patients and caregivers value social media as a platform to share and obtain health-related information [19] [20] [21] [22] health-related professionals have concerns about the loss of control of information being shared and the potential for the spread of misinformation on social media [23] . Patients may choose to share personal health information on social media that exposes physicians to scrutiny and/or criticism [24] , use social media to promote perspectives that are not based upon sound science [25] , or access information through social media about treatment options not applicable to the patient's particular care [26] . Yet, little is known about the nature and scientific accuracy of cancer-related information exchanged on social media. In this study, we fill this gap in knowledge by systematically characterizing (1) the types and (2) scientific accuracy of medically-oriented cancer information posted on personal Facebook Pages of cancer caregivers.
Method
Due to the intensive demands of caring for a child with cancer [27] , we focused our analysis on personal Facebook Pages hosted by parents of children with acute lymphoblastic leukemia. We used the Facebook search engine function to identify Facebook Pages for analysis using the search terms BAcute Lymphoblastic Leukemia^and BChildhood.^We restricted search results to personal Pages that were publically available. Facebook Groups enable connection around a common interest, and group membership is publically available, moderated by a Group administrator, and/or available by invitation [28] . In contrast to Facebook Groups, Facebook Pages are profiles of people, businesses, or organizations [28] . We selected the first 25 Pages and reviewed the information section in the pool of potential Facebook Pages to identify Pages that were administered by a parent of a child with acute lymphoblastic leukemia. This process yielded 18 Facebook Pages for analysis. We extracted the content from the information and wall We conducted a content analysis of the Facebook Pages and extracted all exchanges of medically-oriented cancer information. The coders (first, second, third, and fifth authors) pilot coded ten pages of the same data file to ensure consensus on the interpretation of what constituted medically-oriented cancer information. At this stage, we refined our definition of medically-oriented cancer information to be verifiable information about cancer or cancer treatment. For example, we excluded information about caregiving strategies (for example, BMy child loves Ramen after procedures^) that could not be evaluated as medically/scientifically accurate by a panel of oncology experts. Two coders independently reviewed each data file and extracted any data excerpts that included medically-oriented cancer information into an Excel file. To ensure inter-coder reliability, each team of coders met to discuss any discrepancies in data extracted, resolved conflicts, and achieved consensus on the final data excerpts to be included for analysis [29] .
Two coders (first and second authors) conducted a second round of data analysis to characterize the types of cancer information exchanged. Each coder independently reviewed the data and conducted in vivo coding [29] . After coding the data independently, the two coders had coding meeting where they discussed codes, assessed inter-coder reliability, and achieved consensus on a final codebook. Both coders then conducted a second round of independent coding and used the codebook to systematically analyze each post. After independent analysis, the two coders met to discuss any discrepancies in coding and achieve consensus [29] .
Finally, two oncology experts, a pediatric oncologist (fourth author) and an oncology nurse practitioner (third author), then systematically evaluated each post to analyze the medical and scientific accuracy of information exchanged on personal Facebook Pages. Each expert independently evaluated the first 25 data excerpts, met to discuss codes, and achieved consensus. [29] The two experts then independently coded each data excerpt as (1) medically/scientifically accurate, (2) not medically/scientifically accurate, or (3) unproven treatment modalities. Facebook posts were coded as medically/scientifically accurate if they contained information that represented correct medical information that was based upon current scientific evidence (for example, BItching is a side effect of morphine based drugs^). Posts were coded as not medically/scientifically accurate if they contained incorrect medical information (for example, BBrain tumors are the deadliest form of childhood cancer^). Posts were coded as unproven treatment modalities if they described information for which there is not a definitive base of scientific evidence (for example, BHave you tried Frankincense essential oil on her feet? Everyone I know that has battled cancer swears by it, helps them bounce back from chemo and gives them energy^). The oncology experts verified the medical and scientific accuracy of information using peer-reviewed publications and national clinical guidelines. After independent evaluation, the two oncology experts met to discuss and resolve any conflicts and achieve consensus on the final data analysis.
Findings
Of the 15,852 total posts, 171 posts contained medicallyoriented cancer information. Twenty-five codes were identified to categorize the cancer information exchanged on cancer caregivers' personal Facebook Pages. As shown in Table 1 , the 25 codes were condensed to six themes: (1) alternative and complementary therapies, (2) medication, (3) treatment protocols and health services use, (4) side effects and late effects, (5) medical caregiving strategies, and (6) other. The most frequent type of cancer information exchanged was information related to treatment protocols and health services use (35%) followed by information related to side effects and late effects (26%), medication (16%), medical caregiving strategies (13%), alternative and complementary therapies (8%), and other (2%) ( Table 2) . Overall, 67% of all cancer information exchanged was deemed to be medically/scientifically accurate. Examples include BIt is not uncommon for pediatric cancer children to need to see an endocrinologist for hormone irregularities^and BMRI came back w/signs of AVN, Avascular Necrosis... bone death. If it is caught early enough some can be reversed.N ineteen percent was not deemed medically/scientifically accurate, for example BWhen undigested sugars get into his intestines, it throws water trying to neutralize so that it caused the severe diarrhea.^Fourteen percent of posts described unproven treatment modalities, for example BAre you doing the cool mist humidifier at night too to thin the mucous?^For specific types of cancer-related information exchanged, all information related to alternative and complementary therapies was based upon information related to unproven treatment modalities (Table 3) . Seventy-eight percent of information exchanged related to was not medically/scientifically accurate, and 2% described unproven treatment modalities. Eighty percent of information exchanged related to side effects and late effects of cancer treatment was medically/scientifically accurate, and 20% was not medically/scientifically accurate. Fifty percent of information exchanged related to medical caregiving strategies was medically/scientifically accurate, 9% was not medically/ scientifically accurate, and 41% described unproven treatment modalities.
Discussion
Cancer patients and their caregivers are increasingly using social media as a platform to share cancer experiences, connect with support, and exchange cancer-related information [2, 3, 7-16, 30, 31 ]. Yet, little is known about the nature and scientific accuracy of cancer-related information exchanged on social media. We took a critical step forward by systematically characterizing the scientific accuracy of different types of medically oriented cancer information exchanged on social media. Of the 15,852 total posts, only 171 posts contained medically-oriented cancer information, indicating that exchange of this type of informational support is not a primary use of social media for cancer caregivers. We found that most cancer information exchanged in this sample was deemed to be based upon sound medical or scientific evidence by our panel of oncology experts. This finding highlights the potential utility of social media as a cancer-related resource and could be a helpful resource for caregivers within specific communities. We did find, however, that 19% of the medically-oriented cancer information shared on Facebook was scientifically inaccurate, indicating that patients should be cautioned that some information shared on social media is incorrect. Clinicians should evaluate specific online resources and communities before recommending them to cancer patients and their caregivers. Regardless, these findings are a first foray into this topic and show that clinicians could refer cancer patients and caregivers to specific credible social media sites as a cancer-related resource. Some data limitations should be noted when interpreting these findings. There may be differences in the types and scientific accuracy of cancer information users exchange on social media sites other than Facebook. Future research should compare user behavior across popular social networking sites such as Facebook, CaringBridge, and PatientsLikeMe. Similarly, there may be differences in user practices by the social media users' relationship to the cancer patient (e.g., patient vs. caregiver) or by disease site (e.g., breast cancer, colon cancer). Future research should compare cancer information practices on social media comparing social media users of different social, demographic, and disease characteristics. Two oncology clinicians reviewed each social media post and assessed the medical and scientific accuracy of information exchanged. The judgments of these two clinicians may not represent the perspectives of all oncology experts. Finally, the types and scientific accuracy of cancer information may vary by type and by host of Facebook Page or Group. Our findings related to caregivers' personal Facebook Pages may be different than the types and scientific accuracy of cancer information posted to Facebook Groups formed around a cancer-related advocacy organization, or a Group dedi c a t e d t o p r o v i d i n g c a n c e r -r e l a t e d s u p p o r t . Systematically examining these differences is an important avenue for future research. 
